channels without causing cross-channel artifacts. Apart from this, lαβ color space is logarithmic, which implies to a first approximation that uniform changes in channel intensity tend to be equally detectable [6] . This makes lαβ color space a very popular choice for gray image colorization.
We have chosen another decorrelated color space YCbCr for colorization purpose. YCbCr color space also provides three decorrelated channels Y, Cb and Cr. Channel Y is achromatic luminance channel, where as chromatic channels Cb and Cr correspond to the difference between blue component with a reference value and difference between red components with a reference value, respectively. This space also allows selective transfer of chromatic Cb and Cr channels from color image to grayscale image without introducing crosschannel artifacts.
For colorization purpose we convert our source image into a decorrelated color space and then divide this image into small windows, whose size may vary according to the type of image. After this we extract texture features like energy, entropy, homogeneity, contrast and correlation based on correlation matrix for the purpose of texture matching, for each window of source image as well as for the target grayscale image. Then we compare each window of the source (colored) image with target image and find out the best matching window in source image based on texture feature matching. Then we compare the data points in this best matching source window by computing mean and standard deviations along each of the three axes of the sample data points and the data points in target image, in YCbCr color space. Then, we scale the data points by factors determined by the respective standard deviations. Then the chromatic values of the best matching source image window"s data points are transferred to the target image pixel. The resulting image of this process is colorized version of target gray scale image. All the coding for above processing has been done in MATLAB 2010 version.
II. METHODOLOGY
The basic method here matches the three-dimensional distribution of texture features and color values between the images and then transforms the color distribution of the source (colored) image to match the distribution of the target (grayscale) image. A grayscale image is represented by a one dimensional distribution, hence only the luminance channels can be matched between the two images. Apart from this we also match texture features like energy, entropy, homogeneity, contrast and correlation based on correlation matrix. Once the target image matches a source image window, the color information is transferred between pixels but the original luminance value is retained. Our goal is to manipulate RGB images, which are often of unknown phosphor chromaticity; a very popular way is to convert RGB signals to Ruderman et al."s [1] perception-based color space laß. We have converted the gray scale and reference colored image to YCbCr color space, for processing the images in this color space for colorization of gray scale image.
To show the significance of choosing the right color space, we compared three different color spaces. The color spaces chosen here are RGB as used by most graphics algorithms, CIECAM97s, lαβ and YCbCr. We chose the CIECAM97s color space because it is closely related to the lαβ color space. Its transformation matrix to convert from RGB to CIECAM97s is: 
The two chromatic channels C1 and C2 resemble the chromatic channels in lαβ space, except a scaling of the axes. The achromatic channel is different (see Fig. 2 ). Another difference is that CIECAM97s operates in linear space, and lαβ are defined in log space.
Using image in Fig.1 , we produced scatter plots of 2,000 randomly chosen data points in lαβ, YCbCr, RGB, and CIECAM97s. Fig.2 depicts these scatter plots that show three pairs of axes plotted against each other. The data points are decorrelated if the data are axis aligned, which is the case for all three pairs of axes in all YCbCr, lαβ and CIECAM97s spaces. The RGB color space shows almost complete correlation between all pairs of axes because the data cluster around a line with a 45-degree slope. This provides some validation for Ruderman et al."s color space lαβ [1] as well as for YCbCr which we have used in this work.
In order to transfer chromaticity values from the source to the target, first of all, the source image is divided into small windows of equal size and then each window in the source image is matched to the gray scale image based on texture features of that window. We calculate texture features like energy, entropy, homogeneity, contrast and correlation based on correlation matrix based on following formulae [2] :
Where S is entropy, J is energy, Con is contrast, H is homogeneity, Cor is correlation. P[i,j] is the value of element in co-occurrence matrix and [i,j] is the coordinate, µ i and µ j are mean of p i and p j, [2] respectively, where :
Now, these texture features are weighted appropriately using following formulae [9] :
2 2 ,(10) Where ω is the parameter under consideration and:
Thus texture similarity measures are weighted properly and a texture similarity measure "TM" based on Euclidean distance is calculated for each window in the source image and for target image as well [2] . Based on this texture similarity measure each of the windows in source image is compared with the target image and the best matching window is thus found out.
For colorization purpose, the mean and standard deviations of the data points along each of the three axes are required and their luminance value is determined by the Y channel in YCbCr space. Hence, we compute these measures for both the best matching source window and for the target image, for every pixel. We compute the means and standard deviations for each axis separately in YCbCr space. First, we subtract the mean from the data points [8] [10]: Using above formulae pixel by pixel comparison is done between the best matching source image window and in the target image. The best matching pixel in source window to a pixel in target image is thus found out and its chromatic values of are transferred to the corresponding pixel of target image window, but their luminosity values are retained. This is done pixel by pixel for target image and the result obtained thus is the colorized version of target gray scale image.
We intend here to transfer one image"s appearance to another; hence it"s possible to select source and target images that may not work well together, but the result"s quality depends on the images" similarity in composition. The results are shown in subsequent figures.
We have also compared the resulting images obtained based on time required for processing, Mean Square Error (MSE), Peak Signal to Noise Ratio(PSNR), Normalized Cross correlation(NK), Structural Content(SC), Maximum Difference(MD), Normalized Absolute Error(NAE), Visual Quality with respect to the target gray scale image. This calculation is based on following formulae [3] :
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The results are tabulated in Table 1and 2.
III. RESULT
Our colorization method produces believable colorized output images, as is obvious from the results in Fig. (3 -10) . We have colorized images in various color spaces and our method produced best results in YCbCr color space, we have presented a comparison between results obtained by colorization in YCbCr color space using our method and a very popular technique for colorization in lαβ color space [8] [10] in Table (1-2 Images of various dimensions ranging from 256X256 to 1024x1024 were tested and the method proved successful, the time taken for colorization ranges from 25 seconds to 275 seconds. Table 2 Comparisons between results of Fig. 9 and Fig. 10 
IV. CONCLUSION
In this work we have successfully colorized gray scale images of various sizes in YCbCr color space. Here we take a reference colored image or source image which is similar in texture to the target gray scale image, it is not necessary that this image is colorized version of the target gray scale image, it can be any similar colored image. The quality of output depends on the choice of this reference or source image. We convert both the target and source images in YCbCr decorrelated color space, to avoid cross channel artifacts, and divide the source image in windows of equal size. The size of window usually 7X7 suffices for all the images but may be increased for some problematic images. The properties of these windows are compared with those of target image based on texture features matching to find the best matching window. Then the luminance values of the pixels in this best matching window and gray scale image are compared and the chromatic properties of best matching pixel in source window are transferred to the corresponding gray scale image pixel
We compare our results with the output obtained by colorization using very popular technique of using only mean and standard deviation in lαβ color space and come to the conclusion that the results obtained by colorization in YCbCr color space using our method are of better quality visually as well as on the basis of image quality parameters like Mean Square Error (MSE), Peak Signal to Noise Ratio (PSNR), Normalized Correlation (NK), Maximum Difference (MD), Normalized Absolute Error (NAE) etc. 
